ABSTRACT. Dendranthema morifolium (Asteraceae) is a perennial herbaceous plant native to China. A long history of artificial crossings may have resulted in complex genetic background and decreased genetic diversity. To protect the genetic diversity of D. morifolium and enabling breeding of new D. morifolium cultivars, we developed a set of molecular markers. We used pyrosequencing of an enriched microsatellite library by Roche 454 FLX+ platform, to isolate D. morifolium simple sequence repeats (SSRs). A total of 32,863 raw reads containing 2251 SSRs were obtained. To test the effectiveness of these SSR markers, we designed primers by randomly selecting 100 novel SSRs, and amplified them across 60 cultivars representing five different petal shape groups. Sixteen SSRs were polymorphic with the number of alleles ranging from 6 to 19, and their expected and observed heterozygosities ranging from 0.477 to 0.848, and 0.250 to 0.804, respectively. The polymorphism information content ranged from 0.459 to 0.854 and the inbreeding coefficient ranged from -0.119 to 0.759. An unweighted pair-group method arithmetic average analysis was performed to survey the phylogenetic relationships of these 60 cultivars and five clusters were identified. These markers can be used for investigating genetic relationships and identifying elite alleles through linkage and association analyses.
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INTRODUCTION
Dendranthema morifolium (Asteraceae) is a perennial herbaceous plant native to China. Its flowers have been used in traditional Chinese medicine for centuries. D. morifolium has been cultivated in China and Japan for at least 3000 years. Breeding through multiple artificial crossings has led to the formation of a large number of D. morifolium cultivars, including cutflower, potted, garden, and ground-cover types (Zhang et al., 2011) . A long history of artificial crossing and selection might result in a complex genetic background and decreased genetic diversity (Khaing et al., 2013) . To protect the genetic diversity of D. morifolium and breed new D. morifolium cultivars, a set of molecular markers should be developed for investigating this species' genetic diversity, examining the genetic relationships of its cultivars, and identifying elite alleles through linkage and association analyses (Yamasaki et al., 2005; Khaing et al., 2013) . Simple sequence repeats (SSRs) are considered excellent molecular markers for their abundance, high mutation rates, co-dominance, and relative ease of scoring (Kalia et al., 2011; Yuan et al., 2015; Zhao et al., 2016) . SSRs are frequently used to survey phylogenetic relationships and select loci associated with agronomic traits in D. morifolium cultivars (Chen et al., 2016) . Previous studies have reported some D. morifolium SSR markers (Moe et al., 2011; Khaing et al., 2013; Liu et al., 2015; Shim et al., 2015) . However, the limited number of SSR markers available for D. morifolium fails to meet the requirements for genetic diversity evaluation, as well as linkage and association analyses. In this study, we used the Roche 454 FLX+ platform to obtain SSR markers from an enriched library for D. morifolium. These novel SSRs were then used to analyze the genetic relationships of 60 major D. morifolium cultivars from Kaifeng.
MATERIAL AND METHODS

Plant material and DNA extraction
All D. morifolium samples were collected from Henan University campuses. The 60 cultivars represented five different petal shape groups (Table 1 and Figure 1 ). Vouchers are deposited in the herbarium of Institute of Chinese Materia Medica in Henan University . Genomic DNA was extracted from fresh leaves using genomic DNA extraction kit v. 3.0 (TaKaRa, Dalian, China) following the manufacturer protocol. 
DNA sequencing and microsatellite locus search
Approximately 2 mg genomic DNA was digested and separated on a 2% agarose gel. Fragments of 400-700 bp were extracted. Forward (EcoRI: 5'-CTCGTAGACTGCGTACC-3', MseI: 5'-GACGATGAGTCCTGAG-3') and reverse (EcoRI: 5'-AATTGGTACGCAGTCTAC GAG-3', MseI: 5'-TACTCAGGACTCATCGTC-3') adapters were mixed to prepare doublestranded adapters. Hybridization of biotinylated oligonucleotides [(AG) 10 , (AC) 10 , (AAC) 8 , (ACG) 8 , (AAG) 8 , (ACAT) 6 , (ATCT) 6 , and (AGG) 8 ] and adapter-ligated genomic DNA was performed. Enrichment libraries were purified using the amplicon library preparation protocol. The Lib-L kit and FLX titanium sequencing kit XLR70 (Roche) were used for the library sequencing on the Roche GS-FLX+ system. MISA v. 1.0 (Thiel et al., 2003) was used to identify SSR loci. The di-, tri-, tetra-, penta-, and hexanucleotide motifs with a minimum of five repeats were considered as SSRs. Primer design parameters were set as follows: length range, 18-24 nucleotides; product size range, 100-500 bp; melting temperature, 55-65°C; GC content, 40-60%; and GC clamps, no more than 3 Gs or Cs in the last five bases at the 3' end using Primer3 (Rozen and Skaletsky, 2000) .
Polymerase chain reaction (PCR) amplification and genotyping
Of the 2251 identified SSR markers, we randomly selected 100 microsatellites and blasted them in NCBI GenBank. No similar sequences were found in published data. Subsequently, the primer pairs of the selected SSRs were used to test primer amplification efficiency. Twenty microliters PCR amplification solution consisting of 50 ng genomic DNA, 0.5 mM each primer, and 10 mL 2X Taq PCR MasterMix (0.1 U/mL Taq polymerase, 0.5 mM dNTPs, 20 mM TrisHCl, pH 8.3). The PCRs were performed using an S1000 thermal cycler (Bio-Rad, USA). The PCR amplification conditions were as follows: pre-denaturation at 94°C for 5 min; followed by 35 cycles of denaturation at 94°C for 60 s and 45 s at the primer-specific annealing temperature; extension at 72°C for 90 s; and a final elongation step at 72°C for 8 min. The PCR products were separated on 8% native polyacrylamide gels and visualized by silver nitrate staining.
Data analysis
The polymorphism information content (PIC) was estimated using Cervus v. 3.0.7 (Kalinowski et al, 2007) . PopGene v. 1.32 (Yeh et al., 2000) was used to analyze the number of alleles per locus (N A ), expected heterozygosity (H E ), observed heterozygosity (H O ), Shannon's information index (I S ). The significance of the inbreeding coefficient for each locus was tested using FSTAT v. 2.9.3.2 (Goudet, 1995) . The Hardy-Weinberg equilibrium for all loci was calculated using GENEPOP 4.2 (Rousset, 2008) . The similarity matrix of Dice's coefficient was used to construct a dendrogram based on the unweighted pair group method arithmetic average (UPGMA) using PowerMaker v. 3.25. The significance of the partitioning of genetic variance among different petal shapes was further estimated by analysis of molecular variance using GENALEX 6.41 (Peakall and Smouse, 2006) . an average length of 566 bp. Of these raw reads, 2251 were found to contain SSRs and were deposited in GenBank (GenBank accession Nos: KP331842 to KP334092). One hundred SSR primers were randomly selected to design primer pairs and perform PCR amplifications across the 60 D. morifolium cultivars, yielding 16 polymorphic amplification products. A total of 160 bands were amplified, with an average of 10 amplified fragments per primer. Fingerprints of all accessions could be amplified from 6 (JH35) to 19 (JH41) bands per primer pair, and PCR product sizes ranged from 156 to 365 bp (Table 2) . The genetic diversity indices are shown in Table 3 . The H E and H O ranged from 0.477 to 0.848 and from 0.250 to 0.804, respectively. The average H E and H O were 0.788 and 0.535, respectively. The I S and PIC ranged from 1.149 to 2.442 and from 0.459 to 0.854, respectively. The average I S was 1.829 (Table 3 ). The inbreeding coefficient ranged from -0.119 (JH47) to 0.759 (JH86). Five of the 16 loci had negative F IS values (all P > 0.05), indicating a slight excess of heterozygotes. Total variance was partitioned into components due to differentiation within and among the five petal shape groups. The overall distribution pattern of molecular variation within the cultivars suggested that approximately 91.0% of the total variance could be accounted for by the within group component. The remaining 9.0% of the variation was found among groups. The variance component was shown to be highly significant (P < 0.05).
The UPGMA dendrogram was generated to illuminate genetic relationships among the 60 cultivars (Figure 1 ). Five main clusters (I to V) were observed. Group I comprised five cultivars of the Abnormal petal group (54, 55, 56, 57, 59 , and 60) and one cultivar of the Anemone petal group (52). One cultivar of the Tubular petal group (42) constituted Group II.
Group III consisted of four cultivars of the Anemone petal group, two cultivars of the Tubular petal group, and one cultivar of the Spoon petal group. Group IV included three cultivars of the Tubular petal group and two cultivars of the Spoon petal group. Group V contained the remaining 40 cultivars. The clusters were inconsistent with the petal shape grouping (Figure  1 ), indicating that traditional classification based on petal shapes does not reflect the true phylogenetic relationships of these cultivars.
The present study provides 16 new SSR markers of D. morifolium. These SSRs may facilitate conservation strategy development, evolutionary biology research, and molecular breeding of D. morifolium. Most of the microsatellite markers obtained in the present study however need further validation. Furthermore, constructing of hybrid groups and recording of phenotypic traits are all future studies on D. morifolium, which will enable location of the position of developed SSR markers and construct the linkage map of D. morifolium. 
